Introduction

E
VEN THOUGH TECHNOLOGY has greatly changed our society and culture, and computers are readily available in K-12 classrooms across the US, the impact of technology on education has been minimal (Becker, 1994; Cuban, Kirkpatrick, & Peck, 2001; Dede, 1998; Dwyer, Ringstaff, & Sandholtz, 1990) . Specifically, U.S. schools have approximately one computer for every four students (Fox, 2005 ), yet increased access has not raised overall student achievement (US DOE, 2004) . Do these results indicate that technology use does not increase student learning -or could the lack of positive results be related to how technology is used in the classroom? Direct observation data from almost 10,000 K-12 classrooms in predominately high-risk schools revealed that computers are infrequently used or used for simple, non-critical thinking activities such as drill and practice or word processing . The data also revealed that the most common classroom activities were direct instruction and independent student seatwork, while student-centered activities such as project-based learning and independent inquiry were seen much less frequently. Survey responses from over 90,000 teachers yielded similar results indicating that computers were most often used for low-level learning in teacher-centered environments (Newman, 2002; U. S. DOE, 2003) . Thus, it is not surprising to see that computer use has not resulted in improved achievement on standardized assessments requiring higher-level skills (Becker, 1994; Becker & Riel, 1999) .
In response to these critical issues, the No Child Left Behind (NCLB) Act of 2001 mandated active engagement by schools and districts in: (a) implementing proven strategies for integrating technology into curricula and instruction; (b) supporting highquality professional development activities to facilitate such integration; and (c) examining the conditions under which technology is effective in increasing student achievement and teacher performance (U. S. DOE, 2001 ). To enact NCLB, Title II-D state-level grants were made available.
This paper reports the research findings of a study that investigated the overall effectiveness of a statewide technology program designed to meet the NCLB mandates (NCLB, 2001) . The goal of program was to support school-wide initiatives that utilized full-time, on-site technology coaches to provide comprehensive professional development interventions for teachers in their own schools. The intent was to prepare teachers to create student-centered environments that engage students in critical thinking and use of computers as tools in order to increase learning and performance (ISTE, 2003; NCREL, 2000; Jonassen, 1994; Morrison & Lowther, 2005) .
The Research Study
A comprehensive research study was conducted to examine the overall impact of the statewide technology program. The research design involved observing classroom practices; interviewing students, teachers, principals, and technology coaches; surveying teachers, conducting student performance based assessments; and examining student achievement on state administered tests. This paper discusses the findings revealed from the classroom observation component of the study. Below are the guiding research question, the study methodology, key findings, and implications.
Research Question
To what degree do the instructional practices, use of technology, academically focused instructional time, and student attention and engagement differ on the basis of participation in the statewide technology program?
Methodology
Participants
The participants were 13 schools that were awarded state grants for the 2003-2004 academic year. In addition, 13 schools were strategically matched with each Program school according to the following criteria: locale, grade levels, number of students, percent qualified for free/reduced lunch, ethnicity, and achievement. Collectively, the schools had 12,420 students (Program = 6, 197; Control = 6, 223) and 927 teachers (Program = 486; Control = 441).
Evaluation Measures
Program effectiveness was measured using the Formative Evaluation Process for School Improvement/Tech Package (FEPSI/TP), which includes six strategies: direct classroom observations, surveys, student performance assessments, interviews, focus groups, and school-developed technology benchmarks (Lowther & Ross, 2003) . The FEPSI-TP instrumentation has been linked to national technology and content standards, subjected to reliability and psychometric validation (e.g., Sterbinsky and Ross, 2003) , and employed in a growing number of peerreviewed, published studies (e.g., Smith et al., 1998; Lowther & Ross, 2002; . In 2005-2006, FEPSI instruments were used in over 2,000 U.S. schools. This paper reports on direct classroom observation component of the FEPSI/TP.
Direct Classroom Observation Measures and Procedures
Three data collection instruments were used for whole-school and targeted observations: the School Observation Measure (SOM©), and the Rubric for Student-Centered Activities (RSCA©), and the Survey of Computer Use (SCU©). Trained external observers conducted whole school and targeted observations. Whole school involved visiting 10-12 randomly selected classrooms, for 15-minutes each, during a three-hour visitation period. Targeted observations involved observing prearranged one-hour sessions in which randomly selected teachers implemented a technology integration lesson. The frequency of observed strategies were recorded via a 5-point rubric: (0) Not Observed to (4) Extensively. Five whole school and three targeted observations were conducted at each school.
School Observation Measure (SOM)
The SOM assesses the extent to which 24 different common and alternative teaching practices are observed (Ross, Smith, & Alberg, 1999) . The SOM strategies include traditional practices (e.g., direct instruction and seatwork) and alternative, predominately student-centered methods (e.g., cooperative learning, inquiry, using technology as a learning tool). The strategies were identified through surveys and discussions involving policy makers, researchers, administrators, and teachers, as those most useful in providing indicators of schools' instructional philosophies and implementations of commonly used reform designs (Ross, Smith, Alberg, & Lowther, 2001) . Results from a reliability study found that observer ratings were within one category for 96% of the whole school and for 91% of the targeted observations (Sterbinsky & Burke, 2004) .
Rubric for Student-Centered Activities (RSCA)
The RSCA is used to evaluate the degree of learner engagement in seven selected activities considered fundamental to student-centered learning: cooperative learning, project-based learning, higher-level questioning, experiential/hands-on learning, student independent inquiry/research, student discussion, and students as producers of knowledge using technology. Each item includes a two-part rating scale: Part 1) four-point scale (1 = very low level of application, 4 = a high level of application); Part 2) Was technology used? (1 = Yes; 2 = No). The RSCA reliability results revealed observer ratings within one category for 97% of the whole school and 90% of the targeted observations (Sterbinsky & Burke, 2004) .
Survey of Computer Use (SCU)
The SCU was designed to capture exclusively student use of computers rather than teacher use of technology. The computer activities are classified according to the type of software tool used by the students: production (e.g., word processing, spreadsheets); Internet/research; educational software (e.g., drill/ and practice) and testing (e.g., individualized/tracked). SCU uses the same rubric as the SOM; (0) Not Observed to (4) Extensively observed.
An "Overall Meaningfulness Rubric" is used to assess student use of computers as a tool to enhance learning, as described by the National Education Technology Standards for Students (NET*S) (ISTE, 2003) . The rubric ranges from 1 = Low-level use to 4 = Very meaningful use of computers. Observers indicate how often (not observed to extensively) they observed computer activities at each level of the rubric; e.g., how often very meaningful use of computers was observed. SCU reliability data show observer ratings were within one category for 97% of the whole-school observations and for 91% of the targeted (Sterbinsky & Burke, 2004) .
Design and Analysis
The Program effects were examined using a matched treatment-control, quasi-experimental design (Onwuegbuzie & Teddlie, 2003) utilizing MANOVA and t test for independent samples. Effect Sizes (ES) were computed using Cohen's d formula (Cohen, 1988) to determine the educational importance of differences. According to Cohen, an ES having an absolute value greater than 0.25 is considered to be educationally important.
Key Findings
The study findings are presented by whole school results and targeted results. Within those categories, the descriptive and inferential results from each instrument are provided. Key descriptive data are presented in the text rather than in tables.
Whole School Classroom Observation Results
A total of 390 hours of observation data were collected with SOMs, RSCAs, and SCUs during15 minute visits to 1,210 randomly selected classrooms (Program = 597; Control = 613). Results from each measure are described in the section below.
School Observation Measure (SOM©)
Strategies viewed frequently or extensively in at least 30% of the observations were direct instruction (Program 69.2%; Control 63.1%), teacher acting as a coach/facilitator (Program 52.3%; Control 30.8%), and independent seatwork (Program 72.3%; Control 72.3%). One additional strategy of high interest to this study, student use of technology as a learning tool, was seen frequently or extensively in nearly one-third (32.3%) of the Program observations, as compared to only 3.0% of the Control observations. Program schools also showed an advantage with regard to high academically focused class time (Program 89.2%; Control 75.4%), and high student attention/interest (Program 75.4%; Control 55.4%).
Inferential Results. As seen in Table 1 , a MAN-OVA comparing the Program and Control means on the whole school SOM items yielded a highly significant difference (p = .001). Follow-up analyses showed significantly higher frequency for the Program group on 10 items. Effect sizes ranged from +0.41 to +1.40, thus indicating relatively large effects. The two items revealing the greatest difference were technology as a learning tool (Program M = 2.01, Control M = 0.73) and computer for instructional delivery (Program M = 1.73, Control M = 0.55). Also noteworthy and consistent with program objectives, seven of the ten significant items are supportive of student-centered learning in a technology-enhanced environment. Rating: 0 = Not observed; 1 = Rarely; 2 = Occasionally; 3 = Frequently; 4 = Extensively
Rubric for Student-Centered Activities (RSCA)
One RSCA was completed for each classroom observed (Program 597; Control 613) (see Table 2 ). Project based learning was only observed in 15.4% of the Program classes and even fewer of the Control classes (6.5%). However, when it was implemented, over half of the strategies in both Program (55.9%) and Control (57.5%) classes were rated as above average (e.g., above average equals a rating of 3 = somewhat strong application or 4 = strong application). Slightly less favorable, only about one-third (Program 33.9%; Control 37.9%) of the experiential hands-on learning strategies were considered above average.
Inferential Results. Inferential analyses (t test for independent samples) were conducted to compare Program vs. Control rubric ratings (Table 3) . The most notable significant difference was "students as producers of knowledge"(ES = +0.62) as this was a primary goal of the statewide technology Program. Although the strategy was seen in only 83 of the 597 (13.9%) Program classes, it is positive to note that nearly half (45.4%) were rated as above average. Notably, in Control classes, this strategy (students as producers of knowledge) was seen in less than 5% (4.7%) of the classes with only 7 (24.1%) rated as above average. Rating scale: 1 = limited application; 4 = Strong application.
Survey of Computer Use (SCU)
Students were observed using computers in 47.7% of the Program (285 of the 597) and 22.8% of the Control classes (140 of the 613).
Student computer activities by software used. Of the 20 software applications listed on the SCU, Program students were observed using all of the applications and by Control students used 16 of the 20. However, only four were observed occasionally or more in at least 20% of the Program classes: Internet browser, 44.7%; drill/practice software, 33.8%; word processing 21.5% and presentation software 21.5%. On the other hand, only individualized testing was more frequently observed in Control classes (18.5%) than Program classes (4.6%).
Inferential Results. Three production tools were used significantly more in Program vs. Control classrooms, with word processing and presentation exhibiting the greatest differences (Table 4) . Even though the Effect Sizes ranged from +0.71 to +0.60, indicating that the differences were educationally important, the extent of use was limited in that the mean scores for Program results only ranged from M = 0.73 to M = 0.31, on a scale where 1 = rarely observed. Program students used Internet browsers more frequently than any other software application and significantly more (p = .001; ES = +0.66) than the Control students. Control students, on the other hand, more frequently used educational software than any other software during observed computer activities Rating: 0 = Not observed; 1 = Rarely; 2 = Occasionally; 3 = Frequently; 4 = Extensively Overall meaningful use of computers. The culminating SCU assessment was the observer's evaluation of the meaningfulness of the way in which technology was integrated with teaching and learning (Table  5 ). Of note, 40.0% of the computer activities in Program classes were rated occasionally or more as meaningful as compared to less than 10% of the Control activities. A similar pattern was seen for "very meaningful use of computers" which was observed occasionally or more for 21.6% of Program vs. 1.5% of the Control visits. As can be seen in Table 6 , these differences were found to be significant with fairly strong associated Effect Sizes of +0.79 to +0.88. Rating: 0 = Not observed; 1 = Rarely; 2 = Occasionally; 3 = Frequently; 4 = Extensively
Targeted Classroom Observation Results
A total of 78 targeted observations (Program = 39; Control = 39) were conducted during prearranged one-hour sessions in which randomly selected teachers were asked to implement a prepared lesson using technology. Results are reported by observation instrument.
School Observation Measure (SOM © )
Because teachers were asked to implement a technology lesson during targeted observations, it is not surprising to find that the most frequently or extensively observed strategy in the Program (although not Control) classrooms was student use of technology as a learning tool.
Inferential Results. The overall MANOVA yielded a highly significant difference, (p = .002), however, follow-up analyses revealed significant differences for only 3 items (see Table 7 ). Consistent with expectations, the greatest difference was student use of technology as a learning tool (ES = +1.15). Students in Program classes were also engaged in more project-based learning (ES = +0.60) and Program teachers more frequently assumed the role of a facilitator (ES = +0.56). Teacher as a facilitator Rating: 0 = Not observed; 1 = Rarely; 2 = Occasionally; 3 = Frequently; 4 = Extensively
Rubric for Student-Centered Activities (RSCA)
As seen in Table 8 , the Program and Control mean scores for "students as producers of knowledge" were similar; yet, Program schools had 13 of 39 teachers rated with above average implementation of this strategy as compared to 3 of 39 Control teachers. Similar findings are seen for project-based learning, which resulted in the same mean score for both groups, yet there were 14 Program and only 4 Control teachers who were rated with above average implementation. Technology was used to support RSCA strategies in Program classes to a greater extent than in Control classes; except with regard to independent inquiry.
Inferential Results. A series of t tests for independent samples were conducted to compare Program vs. Control rubric ratings for the targeted observations (Table 9 ). Significant differences were revealed for independent inquiry/research (p = .019; ES = +1.12) and experiential hands-on learning (p =. 037; ES = +0.88). 
Survey of Computer Use (SCU)
Of the 39 Program observations, students used computers in all but one classroom; however, the teacher used the computer to deliver instruction. In the 39 Control classrooms, students used computers in 29, teachers rather than students used computers in 6, while no technology use was seen 4 of the 39 lessons.
Student Computer Activities by Software used. Students in both the Program and Control targeted classrooms were observed using a variety of software applications (Program = 16 of 20; Control = 12 of 20). However, the frequency with which the software was used varied greatly. Only drill and practice, was more frequently observed in Control classes than Program classes. Although Program students used a greater variety of software, and in all cases but drill and practice used the software more frequently, only one significant difference was revealed. Program students used the Internet significantly more than students in Control classes (Table 10) . Rating: 0 = Not observed; 1 = Rarely; 2 = Occasionally; 3 = Frequently; 4 = Extensively Overall Meaningful Use of Computers. "Low level use of computers" was seen "frequently" to "extensively" in 15.4% of the Control classrooms as compared to 0% of the Program classes (see Table 11 ). Conversely, "meaningful use" was observed 35.9% in Program and 15.4% in Control. Significant differences between Program and Control observations were found for the highest rating, "very meaningful use of computers" as it was frequently to extensively observed in nearly one-fourth (23.1%) of Program classrooms and less than 3% (2.6%) of the Control classes (ES = +0.76) (Table 12 ). The key focus of this paper was to examine the influence of technology integration on classroom instruction. The approach was to discuss research findings from classroom observations of Program teachers who had the advantage of extensive professional development focused toward technology integration strategies and the added support of on-site technology coaches as compared to teachers in matched-control settings. Not surprisingly, whole school and targeted observations showed that technology integration in Program classes was more frequent, varied, and intensive than in Control classrooms. However, of greater interest, Program teachers were more inclined to use student-centered instructional methods. Specifically, the Program students more frequently worked in centers, and were engaged in independent research and project-based learning in an environ-ment where their teacher supported their efforts by being a coach and facilitator. Overall, students in the Program classrooms more frequently had a high level of interest and attention and spent more time focused on academics than students in Control classes.
Research has revealed that learning increases when students are actively engaged in meaningful learning activities (Bransford, Brown, & Cocking, 1999; Bruner, 1996; Cradler, McNabb, & Burchett, 2002) . The findings from this study revealed that teachers utilized more student-centered approaches when student use of technology, is implemented. Thus, these findings provide encouraging support for continued efforts to better prepare and support teachers to effectively integrate student use of technology into their instruction.
